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TRAP APPARATUS WITH TUBUIAR FILTER ELEMENT 

Pimp OF THB IMVBHTION 
The Invsntion is directed generally to trap 
devices for filtering particalates from exhaust gases of 
primarily diesel engines in vehicles. 
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BACKGROUHP OF THB INVENTION 

Particulate eralsalonB (blac)c smoke) from diesel 
engines is significant. Diesel particulate material 
strongly absorbs light and leads to degraded visibility, 
particularly when there are several diesel-engine 
vehicles in an area. Diesel particulate material 
furthermore is easily respirated and Is consequently of 
concern since it potentially includes mutagenic and 
carcinogenic chemicals. As a result of these and other 
reasons « various levels of governments regulate 
particulate emissions from diesel engines. 

In response to the need to reduce engine 
particulate emissions, vehicle and engine manufacturers 
are attempting both to develop engines vhich produce 
cleaner exhaust and to develop particulate trap systeas 
which clean the exhaust before emission to atnosphera. 
The latter approach is relevant to the present 
invention. The latter approach in general uses a device 
known as a trap-oxidiser. A trap-oxidiser system 
generally includes a temperature resistant filter (the 
trap) from which particulates are periodically burned 
off (oxidized) , a process commonly known as 
regeneration. The traps must be regularly regenerated 
so as not to become excessively loaded and create an 
undesirable back pressure thereby decreasing engine 
efficiency. 

Possible traps for capturing diesel particulate 
emissions primarily include cellular ceramic elements 
(see U.S. Patent Ho. 4,276,071) and catalytic wire-mesh 
devices (see U.S. Patent No. 3,499,269). 
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Trap-oxidiser regeneration systems can be 
divided into tvo major groups primarily on the basis of 
control philosophy. One group is positive regeneration 
systems; the other group is self-regeneration systems. 
Positive regeneration systems include the use of a fuel- 

fed.bumer. (see U.S. Pate nt Mo. 4,167,852), use of a n 

electric heater (see U.S. Patent NO. 4,S51,015) or use 
of techniques which aim to raise the temperature of 
exhaust gas teo^ratnre at selected times (see U.S. 
Patent Ko. 4,211,075). Sel f -regeneration systems are 
directed, for example, to the use of catalytic treated 
traps to lower the ignition temperature of the captured 
particulates . 

(^arrently, a popular trap is one which uses a 
cellular ceramic element and a popular regeneration 
method is one which uses a face electric heater to 
initiate regeneration of the trap. Although such trap 
and method can serve the particulate cleaning purpose 
well, cellular ceramic elements axe subject to failure 
by cracking due usually to heat gradients caused by 
uneven bums, and experience with cellular 
ceramic /electric heater systems also makes it clear that 
it would be a distinct advantage to have a system which 
reduced the requirements of vehicular supplied power. 
The present invention, in its various embodiments, 
provides improved performance In these areas. 

SromART OP THE INVENTION 
The present invention la directed to an^uatus 
requiring a housing, a plurality of filtering means, 
regenerating mechanism, and mechanism for controlling 
the regenerating mechanism. The plurality of filtering 
means Is within the bousing along a fluid flow path 
leading from the upstream housing inlet to the 
downstream housing outlet. Each filtering means 
includes a module having an open interior for flow of 
exhaust gases and a wall with filter material. The 
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appararns fnrtber inclodes oBchanlsn for sappozting tbm 
oodnles relative to the housing so that each vail vith 
filter material has open space thereabout for flow of 
exhaust gases. The regenerating mechanisn provides for 
5 selective regeneration' at* any time of at least one and 
less than all of the plurality of filtering means at a 
time when exhaust gases are bypassing through non- 
regenerating filtering means along the fluid flow path. 

The filtering means 'nodule is in the' foxn of a 
10 filter tiibe. Although filter 'tubes have been us^ to 
filter dlesel exhaust particulates, the present 
invention advantageously shovs' structure'^ for creating on 
internal bypass which allovs for electrical regeneration 
of bypassed tubes (i.e., positive regeneration vhere' 
15 needed while maintaining full flow' filtration) . 'And 
although catalyst treated yaxn filter tubes have been 
used for self -regeneration, the present invention even 
more advantageously shows the use of catalysts in the 
fuel burned by the engine to aid in downstream 
20. regeneration of the, filter tubes. I ' 
The iBproved filter tube system provides " 
significant safety and durability advantages over non- 
filter tube prior art. 3*at is,, regeneration combustion 
of filter tubes requires much less power resulting in 
25 much less heat at any specific time. With respect to 

durability, cellular' ceramic monoliths begin' . *" 
regei^ation at high temperatures^ and, depending on 
uniformity of burn, the exothem of the reaction can ' 
. to_^ trap damage via craclcing or melting.' The use of 
30 filter tubes, particularly fibrous tubes, alieviates the 
problem by allowing hot portions of the filter to expand ^ 
freely. l!hexmal stresses are not generated and 
therefore cracks are not possible. Additionally;' 
material is available having higher ultimate melting 
35 teiqteratures than the common ceramics us'ed in filter ' 
monoliths. 

f ' ' ' - 


\. . , 

»< . « 

Another advantage of tubular filter geometry is 
that if d^th loading is designed into the filter 
structure, the exothera of the re^neration reaction 
will be absoriied by the entire mass of the filter tube. 
5 As more maas is used to absorb the, released energy, the 

peaJe ten^rature during regeneration is decreased. The ' 
result being that the tubular filter design with 
distributed loading can be loaded .over a wider range of 
maas without the danger of regeneration induced damago. 
10 . • Also, the design of this invention allows the 
tubular filters to expand freely in the axial direction 
during any thermal growth period, such ast regeneration 
and hi^ temperature operation. This free expansion 
alleviates thermal stresses due to the filter's thermal 
15 ej^ansion properties. The theznally. induced stresses on 
the entire filter tube are decreased by allowing one end 
limited -.axial motion relative to the fixed opposite end. 

^. raie relatively thin wall of the. tubular filter 
design provides ^ additional advantage with regard to 
20 thermal stress.^ Since the wall cross-section is a small- 
dimension ccnspared to the tube's length, the, wall's 
temperature is more uniform during a regeneration of the 
.tube. , More uniform temperature results in decreased 
, , thermal gradients, and as a .consequence, decreaaed 
25 thermal stresses.. As a result, , the. filter tube again. 
can be loaded oyer a wider, range of mass with decreased 
potential for damage daring regeneration. 

Purthermore, structure allowing for bypaas of 
. some filter tubes for regeneration^ whilo others continue 
30 to filter results in a decreased system power 

requirement. Also, the ability ^to. bypass- within a 
single housing .provides space and nmuntlng advantages . 
This contrasts with systems bypassing into a separate 
bypass muffler, or other, separate filtration housing. 
35 The present invention thus brings together a-uniqueft 
combination of reduced power for electrical regeneration 
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with full time filtration and durability, as well as 
integrated acoustic (irfbriniwe. *"*'*' '''' 

^ The present invention* *is directed 's^^^ 
filtering material" using ceramic' or ^metallic 'f^^ In 
5 ' this regard,* it is directed not^ only to f 11 tef tubes 
having one'^ or more ordered layeM^'of single strand- - 
ceramic fiber, but also to filter tubias having one or 
more layers of either a non-woven, random array matting 
of ceramic fibers or a woven mat of ceramic fibers! 
10 Alternatively, a metallic fiber coiild be used in' any of 
the indicated foriM. Also, porous materials including 
ceramic and' metallic foams could be used. ' ' ' 
m addition, the electrical heaters for 
regeneration of filter tubes in accordance with the * 
15 present invention can take a variety of forms, including 
a ring in close proximity to or in contact with the 
ceramic fiber and located at one end of the fiber filter 
tube, a rod "extending ■ axial ly into the filter tube, a 
structural men^r for supporting .the ceramic fiber 
20 wherein the stractural meniber also functions as the 

heater, or a distributed heater such as a screen fozned 
between layers of ceramic fiber comprising the filter 
tube. -•.■,».. ... 

As well as Various 'forms of electric 'heaters 
25 for heating particulates on individual filter tubes to 
achieve regeneration, the present invention also 
provides structure which advantageous ly energizes 
particular heater designs, in particular, various 
poppet valve embodiments allow not only for flow control 
30 of exhaust gases, but also function as a switch 
mechanism to energise or de-energise ah electrical 
heater, as appropriate. ' 

In additic ., the present invention shows that 
tubular or shutter valves in contrast to poppet valves, 
35 may be used to control flow among 'various secondary flow 
paths. Purthermore, flow can be controlled by a valve 
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external ofXn' peurticiilar canister housing to eccommodate ■• " 
situations where multiple filter canisters are desij^d. ■ ■> 
. ; {<••-. -^Also, the present .invention need not include an 

electricftl -.heater if a throttle valve is used to ' * - 
5 appropriately, control the heat of exhaust gases or if a " ^ 
■ catalyst .is metered into the fuel supply«-totstha engine ' » 
•.or la premixed for metering as a mixture to the engine. 
: ^ Thus, the present invention is disclosed to ■ 
have several embodiments of several features. The. . 
10 invention is, consequently,.: best understood by- reference 
to the drawings and the detailed description, both of 
which follow. ' ! . • 

BRIEF DESCRIPTION OF • THE ORAWIKGS 
15 . FI60RB 1 illustrates an; exhaust system in^ 
accordance with the present invention, including a ' 
cross-sectional view of aiuff ler-filter apparatus along 
with a schaaatically illustrated control -system .for the 
apparatus; i • 
20 FIGURE 2 Is a partially cut-away perspective 
view of one end of a second housing as installed in the 
muffler-filter, appeuratus of FIGURE 1; 

FIGURE 3 -is a partially cut-away perspective 
view of a filter tube in accordance. with the, present 
25 invention; 

FIGURE 4 is a cross-sectional view taken along 
line 4-4 of .FIGORB 1; . ' - 

J ■ ■ FI6DRB 5 .is {A partially cut-away perspective 
view of an alternate ■ embodiment ..filter tube to that 
30 shown in FIGURE 3; 

FIGURE 6 is an exploded perspective view of a> 
filter tube assembled vith .wrapped fiber mat; • - 

FIGURE 7 is a cross-sectional view,, of a filter 
tube having a rod heater; . ^ . 
35 • FIGURE 8 is an end -view of a filter; tube which 
uses .three rod heaters.. as structural support;- 



FIGURE 9' is a cross-sectional view takon along 
line 9-9 of riGUR£ B; 

FI6DRE 10 -is a cross-sectional view of a filter 
tube having a spiral heating element which is used aa 
5 structural support;^ ^ 

FIGURE 11 ^illostrates an alternate enbodinent 
exhaust srstem including a cross-sectional view of 
muffler-filter apparatus; 

FIGURB 12 illustratea another alternate 
10 embodiment exhaust system including a cross-sectional 
view of muffler-filter apparatus; ' ' 

FIGURE 13 is an enlarged view' of a valve 
portion of FIGURB 12; ' ' ' *: 

FIGDRB 14' is another alternate enbddiment • 
15 exhaust systttD including a cross -sectional visfti of ' 
omffler-f liter apparatus; 

FIGintE 15 ia a partiailly cut-away perspective 
'view of 'one end of a second 'housing -as- Ihstalled in the 
muffler-filter apparatus of FIGURE 14; ■ ' i. 
20 FIGURE 16 is another alternate eabodlaent *- 
exhaust system ihcluding^a cross -sec tXonar view of" 
• muffler-filter' apparatuiB'; ' ^ ;j 

FIGURE 17- is a' partially cut-away perspective 
view of one end of a second housing as- installed in the 
25 muffler-filter apparatus of HGtlRB 16 r-"'-' • • -'^r 

FIGDRE 18 illustrated' an alternate eaibodinMht 
exhaust system' including'' a 'cross-sectional visiw of * 
muff ler-f liter- apparatus ; • 
,t . . FIGURE 19 'is -a cross-sectional view taken' along - 
30 line 19-19 ^of FfGORB 18;' '* ' t : . " 
^' 'figure 20 'is a^- block diagram Illustrating an- 
exhaust system using a^fuel additive with tube filter 
apparatus; ^'^ ■ • 
" '-FIGURE 21 is a -block' diagram -illustrating an 
35 alternate embodimMit of an ''exhaust eystoD nsinga fuel 
additive; ' - ' ' ' ' • 
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FIGURE 22 is a front view of apparatus in' 
aecovdance with FIGURE 20; 

FIGURE 23 is' a cross-sectional view of a 
portion of muffler-filter apparatus showing a filter 
5 tube, Keating elemeintf and electrical contact nechanlsn 
for controlling the heating element; 

FIGURE 24 is an alternate embodiment of the 
systMi of FIGURE 14 wherein the shutter valve provides 
'contact closure"^ for energising the heater elements; 
XO FIGURE 25 illustrates another ^alternate 

embodiment exhaust' system including a cross -sectional 
view' of muffler- filter apparatus with structural support 
surrounding' the filter material and a valve downstream 
of the filter material; ^ 
15 FIGURE 26 is a cross-sectional view taken 'along 
iiiie 26-26 of' FIGURE 25; and ^ ' 
'£.<. . ' FIGURE 27 illustrates another alternate 
onlaodiment exhaust system including a cross-sectional 
view of muffler- filter ai^ENurattts' wherein esEfaaust gases 
20 flow through filter tubes 'f rtxn outside 'the filter ' *" * 
material wall ' to inside. ^ 

DETAILED DESailPTION OF THE FREFBRRED EMBODIMENT 
' Referring now' to the ibcawlngs wherein 'I'ike 
25 reference xuimerals designate icientical or corresponding 

parts throughout the several Views,' and more ' . . . . 
particularly ^te FIGURE' 1, a' system for processing 
esdumst' gases' from ah engine' in accordance witb'th'e^ 
^ ^ present invention is designated' generaliy fay^the numeral . 
30 " 30? " ' - ' ' - - / V 
. Mjr * : ' ■ . - - • . . \w , 

System " * , " ' ' ' ♦ *' - 

Preferred system 30 is in' fluid' communication 
with mgine 32 to receive exhaust gases therefrom via » . 
35 line 34. System 30 iiu:ludes a muffler- filter 'apparatus 
36 which has a plurality of filter tubes 38.- The 
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: regeneration of filter tubes 33 is accomplished via • 
■ control • mochaniam "4 0 ^ " a ■ . . 

• Apparatus 30 includes a housing 42 "comprising a 
* cylindrical wall - 44 < with oc^slte (end walls 46 aiut- ' 
5- interior baffle mentbers 4B.< Each of end walls 46 and 
'baffle members 48 are formed to' have an outer circular 
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the outlet downstream for passing the exhaust gases . '/ 
therealong. Housing 42 has acoustic elements along the 
fiiiid flow path which provide, interaction^with the . /-^^..f 
' exhaust gases in conjunction with both^ ^M}-. outlet j i;^* 
5 pipes 56 and' 66. The filtering mechan4>sm^ is provided 

vFittilr h™iBtng *42 hatwaan the acoustic elements. , " ^ ■ 


flange 50 to' h& fastened to wall 44 along its iinterior 
and are also formed to have an 'inner circular flange 52 
which 'forms an' axially aligned opening'. The vail 54 

10 extending between flanges 50 and -52 is preferably formed * 
to have a symmetric curvature to provide appropriate 
structural strength. 

An Inlet pipe 56 is attached to and held by 
flanges 52 of ^the left-most pair of end wall 46 and 

15 baffle aenber 4B as shown in FIGURE 1. Pipe 56 is 
welded or otherwise fastened to be a part of line 34; 
Inlet pipe 56 is per f orated • with a plurality of first 
openiAg8-'58 in a region 'between end wall' 46 and baffle 
member 48 and is also perforated with a set of second 

20 openings 60 in a 'region between baffle member 48 and 
closure end member 62 of inlet pipe 56. In this way/ 
the cheunber 64 formed between end wall 46 and baffle 
member -48 functions acoustically as a resonating chamber 
since openings 58 allow exhaust gases to flow 

25 therethrough and be muffled therein. 

Similaxly, an -outlet pipe "66 - is '^attached to and 
is held by inner flanges 52 of the 'right-most pair of 
end wall 46 and baffle member- 48 as 'sHown in FIGURE 1. 
Outlet' pipe 66 Is 'fastened to 'an exhaust tail 'pipe (not 

30 shown). Outlet pipe 66 includes a plurality of -third 
openings 68' so' that gases entering Interior end 70 may 
flow through openings 68* and be muffled within chamber 
72 which then" also functions acoustically as a 
resonating chamber. 

35 '--Housing' 42 is then an enclosiire having an inlet '- 
at inlet pipe* 56 and an' outlet- at outliat pipe 66 with a 
first fluid flow path leading from the inlet upstream to 


"in this regard, the term acoustic elomant Is 
' recognised by those skilled in the art to include 
reactive, passive absorptive^ or diss ipative. 

10 attenuation. A reactive acoustic element is^ understood 
to mean anything designed to attenuate sound by. phase 
cancellation due to reflections so that one sound wave 
cancels another by approaching the other (e.g., a 
resonating chamber). Reactive attenuation is contrasted. 

IS with passive, absorptive attenuation where anvlitude is 
damped with interaction with. another medium. The 
previous methods are further ^contrasted with dissipated 
attenuation (e.g., a labyrinth or an enlarged chamber) 
wherein sound is decreased primarily by ei^ansion, and 

20 not so much by phase cancellation or absorpticm. It is 
understood that an inventive apparatus need not have 
multiple acoustic elements, but rather the exhaust 
system ordinarily roquiree a design sufficient to 
accomplish the noise attenuation desired, i.e., any 

25 acoustic elonent could be in a housing separate from a 
housing containing filter tubes. 

Although a second housing^ 7 4 containing 
filtering mechanism as fastened by weld or other known 
mechanism within wall 44 between baffle members 48 is 

30 shown,, a preferred structure eliminates certain portions 
of the second housing, as described hereinafter. With 
reference to FIGURE 2, second housing 74. comprises a 
cylindrical wall 76 with upstream and downstream 
opposite end walls 78 and 80.. Second housing 74 is 

35 segmented by walls 62 which are perpendicular with 

respect to one another and extend between end walla 78 
and 80 to divide second housing 74 into quadrants. 
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AXthoogh >«coad bonalng 74 is, stovn divided into 
qnadrflkDts, it ijB UBdentood that, a different nsaiber of 
divisions may be eqaally' appropriate. Bach quadrant has 
an apstxeam opening 84 in end vall 78 and a dovnstream 
5 opening 8fi in end vall 80. Upstream openings 84 are 
fonoed in a thickened member or a boss bo as to provide 
an inclined valve seat 88. Small secondary openings 85 
are also provided in end vall 78 and lead to each 
quadrant to provide combttstion oxygen for regeneration 

10 as escplained acre fully hereinafter., a plate nember 90 
is spaced from i^streaa end plate 78 and provides one 
end support' for filter tubes 38. Plate snmber 90 is 
apprtipriately attached to cylindrical wall 76 and 
segm^tiJig vails 83. A |>arf orated plate 92 Is spaced 

15 fron dovnstxean end plate 60 and provides *w«thWr end 
su^rt Cor filter tubes 38. 

Since vallB 82 are impenoeable and extend 
betveen npstrean and downstream ends 78 and 80 ^ second 
fluid flow paths are sejMrated from one another and are 

30 foroad from second inlets^ at openings 84 to second 
outlets' at openings 86. As vill become apparent, at 
^ laast one of the second inlets, but less, than all of th« 
second inlets can be closed at any tijiie to allow exhaust 
gases'' flowing eaong the first fluid flow path to. 

35 continue to pass along at least one of the second fluid 
'flow paths through tifie second housing. The closed 
second fluid flow path is then available for 
regeneration of filter tubes 38 therein. ' • ^„ 
Second bousing 74 can aid in assembly of ' 

30 nuffler- filter apparatus 36. As, indicated earlier, 

however, second bousing 74 is not a necessity.' Alttough "* 
end wall 78 is generally preferred to provide'' valve 
seats if poppet 'valves are the valve of choice for ' 
directing flow anong the various second flow paths and 

35 Is^emeable walls 83 are 'preferred^ to divide the various 
second flow paths, cylindrical wall 76 and downstream 
end wall 80 are not necessary, for exanpie, to 
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achievement of equivalent function of muffler-filter- 
apparatus 36. . - 

Second housing 74 contains a plurality of 
filter modules 38. With reference to FIGURE 3, filter 
5 module 38' includes a layer of ceromlc fiber in the form 
of yam 94 wound about a perforated tube 96 vhich serves 
as structural support for the fiber. Upstream and 
dovnstream opposite end members 98 and 100 are attached 
to or formed as a part of perforated tube 96 and not 
10 only provide end retaining walls for thB wound fiber, 
but can provide a mechanism, for holding .module 38 
'relative to plate member 90 ai^ perforated plate 93 in 
second lunsing. 74. Closure plate 93 is welded or,, 
otherwise attached or formed, as a part of end member 
15 ,100,.. As shown, filter tube. module. 38' is installed in 
second housing 74 by inserting end member 100 and the . 
rest, of module 38' through plate member 90 until end 
member 100 contacts perforated plate 92 and is held 
thereby. End Bscber 98 shotild then just contact plate 
20 member 90 and be tack welded or otherwise fastened 

thereto. Upstream . end member 98 is a flat ring to make 
fltish contact with plate member 90. Downstream end 
member 100 .extends ^outwardly from perforated tube 96 and 
can then be .inclined toward t^stream, end member 98 or 
25 otherwise to provide a retaining ^curvature for fiber 94 . . 
Bidianst gases flow into the, central opening 103 of 
module 3B*. , Closure plate. 9 3 plugs,. the downstream.^ 
.central opening of module, 38/ .thereby, forcing the 
exhaust gases to ,f lov. through perforated tube 96 and the 
30 ordered layer of ceramic fiber yarn ^ ^ before flowing.^.. , 
past perforated .plate 92. , . . ^ 

As shown in FIGURE 4, perforated plate 92 . . 
extends across the cylindrical space in side vall 76 to 
the various impermeable vails 82. Perforated plate 93 
35 supports the dovnstream ends of the various filter tubes . 
38'. Perforated plate 92, is formed to receive end... 
members 100 or is otherwise, attached^ ^ ^filter tubes. 


38 . Exhaust. gases which have been .filtered by flowing 
^ from inside filter, tube 38' to outside of them continue 
to flow through^ perforated plate 93 .toward outlet ^pipe 

. ■ - / " -..tn-:; 
5 ; Since filter tubes^38,,are exceedingly durable,, 
an elaborate control system as is needed for nost 
ceramic sionolith fUter systems, is not needed, for ,! 
system 30. Rather, a slapla timing system can be used 
wherein filter .tubes 38 in a particular quadrant are , 
10 regenerated after a predetermined filtering time has 

elapsed. Ziess than all and preferably only one quadrant 
. of filter tubes are regenerated at a time. Alternately, 
a control system which measures pressure drop across 
each quadrant may also be used to determine when 
15 regeneration is necessary. Such a syston is shown .in 
FIGURE I. 

In this regard, a baseline differential 
pressure is obtained with pressure transducers 108 and 
110 which are connected via lines 112 and 114 to 

30 processing unit 116. Pressure transducer 110 is located 
in one of the quadrants of the second housing. It is 
understood that there- is a pressure transducer 110. for 
each of the quadrants. As shown in FIGURE 1, the 
baseline pressure differential is the pressure drop 

35 across inlet pipe 56 and plate 78 of the exhaust flow 
through perforations 58 on one side and perforations 60 
and opening 84 on tb& other side. 

Differential pressure across filter tubes. 3 8 in 
each quadrant is dbtainad with one of the pressure 

30 transducers 110 and .pressure transducer 118. A signal 
corresponding to the pressure read from transducer 118 
is sent to processor 116 \ ..a line 120. Processor 116 is 
connected to an appropriate power source. The processor 
116 calculates the ratio of baseline differential 

35 pressure to trap differential pressure. The ratio is 
coB^pared to a predetermined value. If. the ratio is less 
than the predetezained value, then measurensnts and 
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calculations continue. If the ratio is greater than the 
predetwrminitd^ value; and' if the* engine is 'running so'^ 
that"' exhaust* is flowing, ' regeneration is initiated.' ' 
* * To 'ixkitiate regeneration-, processor 116 • * 
5 energises the various heating elements 132 'for the ' ' 
filter tubes In the 'quadrant to be 'regenerated^ Vslrious 
heating elements 133 are disclosed hereinafter. 
Processor 116 is connected to the heating elements via 
line 124 through fitting 12 6. At about the a&me time as 
10 heaters 122 are energized, processing unit 116 causes 
poppet valve 120 ^to close via solenoids 130 and line 
132. With poppot valve 128 closed, exhaust gases bypass 
the closed quadrant so that the heating elements axe* . 
allowed to function as designed and 'initiate combustion 
15 of the particulates on the filter tubes- in the closed 
quadrant. Bypassing of the exhaust gases allows for a 
more controlled environment during regeneration -and- 
minimises the likelihood of premature quenching of non- 
combusted particulates. O^gen for combustible 
20 regeneration is provided by ojqrgen remaining in exhaust 
gases leaking through the appropriate opening 85. 

Poppet valve 126 has a stem 134 vhich is 
supported and guided by appropriate openings in end vall 
46 and baffle member 48. ' The outer end of stem 134' 
35 ' interacts with solenoid 130- in a fashion known to those 
skilled in the art. The head 136 of poppet valve 128 
closes into seat- 88 when appropriate as indicated * 
hereinbefore. Alternate eobodimsnt poppet valve 
aasentblies are described more 'fully hereinafter. - 
30 A fuller discussion 'of a control -system based 
on dif ferentiza pressure determinations can be found in 
U.S. Patent 4 , 851, 015, - incorporated herein' by reference. 

In use, exhaust gases from engine 32 flow 
through line 34 into inlet plpo 56.- Sound 'is muffled at 
35 resonating chaid>er 64'. The exhaust gases fldw>'from 
perforations 60 through open poppet valve -openings 84 
into the various quadrants of the second- housing 74 . 
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The exhaust gases flov into the open upstream ends 102 
of filter tubes 38. Since the downstream ends are 
closed by closure plates 93 ^ the exhaust gases flov out 
the walls of filter tubes* 3B and through perforated 
5 plate 92 and openings 66 to' outlet pipe 66. Sound is 
again muffled at resonating chamber 72. 

Rhen the control system detemines that the 
filter tubes 38 in one of the quadrants satisfy the 
predotermined' criteria for regeneration, the heating 

10 elements' for^the filter tubes in that quadrant are * 
turned on and 'the poppet valve is closed. The 'heating 
elements stay on a predetezmined time or uiitil 
combustion is sensed to have begun and /or ended. In 
accordance vith the design' parameters of the particular 

15 heating element, particulate coojaustion is initiated and 
regeneration of the filter tubes'^ proceeds until 
combustion extinguishes. An acceptable level 'of oxygen 
is leaked 'into the regenerating quaclrant 'through on 
opening 85. After ah appropriate poppet valve closure 

20 time, processing unit 116 opens the poppet valve and'' the 
regenerated filter tubes ture again avaiiabie for ' 
filtration. 

' System 30 advantageously provides for filter'^ 
tubes in at least' one of the quadrants , but "not all', 'to 

25 ' be regenerate while filter tubes in the other' quadi^ants' 
are available for 'filtration. ' in this wayV 'back'*'' **' 
pressure to 'the engine is kept to a miniUflim and Exhaust 
gases are always filtered aind' never coopletely bypassed. 
System 30 can be' contrasted ''wiTth lioii-f ilter ^tidbe prior 

30 art systems which most commonly are'^bypass'ed 'from one 
filtration housing to a muffle/ or possibly %o a second 
filtration Kousing. ' < . !i. 

Filter' Tube' Embodiments " ' ^- ^ ■ ' 

35 ' ' As discussed' hereinbefore with' reference to" 

PIGURE 3, filter iBodttie' 38 includes 'k layor'-df ' filter 
material 94 wra^ed' bW fornad abbuf a perf orlBitW tub^ 96 
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which serves as a su p po rt for' tlie filter material. 
Opstresffl and downstream* opposite end members' 98 and 100 
are attached to or formed' as** a part of perforated tube 
96 and provide both end retaining walls for the filter 
5 material ani^ a mechanism for holding the^oodule relative 
to a'hoiasing containing it. Closure plate 93 plugs the 
downstream central opening. One of various heating 
elements is attached as discussed hereinafter to provide 
for regeneration. 

10 ' f'iitec ttibes are constructed to provide for 

various types of particulate loading. That is, a filter 
tube may be constructed to provide surface loading. A 
filter tube may also be constructed to provide a more* 
uniform depth loading. Because filter tubes may be 

15 constructed with, ceramic fiber yam* a woven matting 
from ceramic or metallic fUier or a non^woven, random 
array of fibers entangled togetKer or bonded with a 
separate binder into a mat, or ceramic or metallic 
foams r a good parameter for spe&ifyin'g filter properties 

20 so as to create surface or depth loading is volume 
solidity. Volume solidity is defined as a ratio of 
' filter material volume to the "total filter mediiim voltime 
iinder' consideration. ' Thus , if the volume solidity is 
relatively high 'near tie" upstream filter surface, there 

25 will be more surface loading. If the volume solidity is 
lower near tlie' upstream surface' and increases away in' 
the direction oi' flow^ there will be^'more depth I'oading. 
Filter tube 38' is shown to have a single layer of non- 
woven f iber^ which has' been indicated to be rather , 

30 densely deposited. Filter tube 38' could not have a 
'diepth ioading because of the high solidity single' /' 
layering, and, therefore, is a surface loading filter 
tube.' 

' * ' A more uniform depth gathering of particulates 
35 ' Is^ achieved when the filter tube is formed from a 

plurality of layers of non-woven fiber having different 
diameters or by varying the solidity of the fiber layers 
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having the same jdiameters. As. shown in^ PI60RB S^^an . 
innermost layer 138 of non-wovon fiber baa. the Ipwest 
solidity and is adjacent to the p^f orated tube or other 
similar structure. Succeeding. layers 140 and 142 of 
S. fiber liave. smaller ; and smaller spaces . between fibers, 
"iVe^^larger erndTarger^'volume sollditios . ^ Since^the^ 
lover -solidity , layer has larger inter- fiber spaces than 
.. the higher solidity .layers, openings or pore sizes 
between successive layers of the non-woven fibers tend <• 

10 to be greater for the lower solidity layers than for the 
■ high solidity layers.. Thus, some particulates can flow 
past the low .solidity layer .138, but .if not stopped by 
the next layer, -.are lUcely to be stopped by the layer of 
fiber yith. the highest solidity. Thus, the particulate 

15 cake accumulates less on the surface near the perforated 
tube and. more throughout, the body of the various layers 
of fiber of the filter tube with this type of design. 
It is clear that surface .loading Is achieved by 
reversing the volume solidity gradient. 

20 , A preferred filter tube 144 for depth loading 

of particulates is illustrated In FIGORB 6. Filter tube 
144 .is formed by wrapping a plurality of connected non- 
woven mats of fiber about a perforated tube. More 
particularly, t filter tube 144 includes a perforated tube 

25 146 having a flat retaining, wall* 148 at one end and a. 
cupped retaining wall with, a closure wall 150 at the . 
other end as described -adequately hereinbefore. A layer 
of non- woven mat .160 having the. lowest volume, solidity 
is wrapped- olosest to perforated tube 146. The next 

30 layer 162 has. a higher volume solidity, while layers 164 
and 166 after ,that have still higher solidities. The 
various non-voven mats of different solidities are held 
together by staples or other equivalent coupling 
mechanism 168. Bhen the non-woven mats as coupled ^ 

35 together are wrapped onto the perforated tube 146, >at 
least one coo^leta layer of each solidity should cover 
the entire circumference about the tube. 



p .i^-oi. ^ '{ • AO i r'df g^tad 'p'raviouBly,' with lower solidity 
" layers iip'^treom and higher solidity layers-dowiistroam, a 
* iii tor • tube ' achieves a depth 'loading 'o£' particulates . A 
metal mesh heater located upstream of the-layers of'non- 
5 "'^ven' matting, provides -rapid heating of the captured 
- - particulates- and-a-coa^lete.regeneration.of -.the Lf liter 
tube from one end to the other with a rapid contbustion 
of the depth loading. - The various 'non-woven solidities 
of 'the matting provide a gradient structure which 
10 preferably results in a rather uniform loading of 
particulates. This gives the unique behavior of low 
overall exothermic heat release in any given area of the 
filter tube. The entire mass of the filter tube Is used 
to absorb the energy liberated by the regeneration ' 
15 process with the result being that' the filter tube can 
advantageously load over a wider range of mass while yet 
being regenerated at coo^aratively decreased peak 
tea^eratures . • 

* Another significant advantage of filter tube 
20 144 is that' the depth loading is achieved at a 

eonparatively lover pressure differential across the 
filter tube for a given mass -collected. A system, 
therefore, using this type of fllt^ tube in general 
allows the engine to function vith a decreased back 
25 pressure from the exhaust system and function thus more 
efficiently overall . ' 

Ceramic fiber yarn and such yaim woven into a 
matting is commercialized under the NBXTEL trademark by 
3H Company, St. Paul, Minnesota. Other appropriate 
30 yam, fibrous matting, and foam materials are likewise 
available commercially. 

Heating Element Embodiments 

AS indicated earlier, 'filter tubes develop a 
35 particulate cake such that the pressure drop across them 
' increases ' and iean begin to affect engine performance. 
Consequently, filter tubes must be periodically cleaned 
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or rogaaaratad. Raganaration occnra when tba ■ ' 
pazticulataa aza ^haatad sufficiantly to ignlta and- bnzn. 
Baatlng In accordanca with tha prasant invantion may 
occur pradcmlnataly at oaa and. of tha f iltar .tuba- or. nay 
occur over, tha aatira longitndinal langtb of tha f £ltar 
tube. 

When a heater causes Ignition of particulates 
at one end of a filter tube,, the particulate cake burnfl 
from one end to the- other by what can be called. axial 
propagation. As:.shown in PIGORB 3, filter tube 38 has a 
. ring-type heating alanent 174 in accordance with the 
preaent inwentioa. That is, relative to the 
longitudinal axis of the cylindrical .perforated tube 96, 
heating element 174 is centered generally on a radial 
plane and initially ignites particulates relative- 
thereto. Beating element 174 is spaced fron perforated 
tube 96 by an insulating, ring 176. Ring 176 ia 
appropriately attached to perforated tube 96 while . 
heating element, ring 174 is appropriately attached to 
insolatlng ring 176 . Heating element 174 has a pair of • . 
electrodes 178 which are connected as known by those 
skUied in tha art via line 124 to processor 116. (See 
also FZGORB 1.) . . , . : • 

t< Alternatively, as shown in riGORB 5, rather . 
than the croas-sectional, rectangular shape of the. ring 
of 174, -.heating, alanent -IBO has a circular, rod cross- 
sectional shi^ and is spacod fron perforated tube - 196 
by a plurality of insulating brackets 1 182 .- • Beating - 
element 180 has a pair of electrodes 184. ^, 

, Although the filter .tube of TlGOSa 5 has a* - - ; 
volume solidity gradient which would tend to allow > 
particulates to load throughout the body of the filter, 
rather than preferentially along the surface, as has 
been discussed adequately, the volume solidity gradient 
could be reversed and surface loading achieved. In any 
caae, unless the particulate cake is periodically burned 
so that the filter is regenerated, exhaust gas pressure 
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will increase and start to affect engine operation. 
Advantageously, it has been observed that a regenerative 
particulate burning flame propagates axially along, in 
.the best case, a surface load of a filter tube. This 
5 regenerative characteristic exists when the exotherm of 
/the combustion reaction In one location is sufficient to 
heat and combust an axially adjacent section of 
particulate loading on the filter tube. Recognizing 
this, allows a combustion starting heater to be located 
10 at one ond of the. tube, such as. beating elements 174 and 
180, and ignite the particulate cake at that end and 
allow the regeneration process to progress axially down 
the length of the tube. • . . 

I Since a localised heater, such as ring heater 
IS 17,4, can be small coo^ared to the entire filter tube, 
the power requirement for regeneration of such filter 
tube^is ^con^>aratively small also. Filter tube 38 with a 
heating element,. ring 174,. thus, results in power ■•■ 
consumption levels which are acceptable to vehicles^ • 
20,., having power systems of. only 12 volts. Furtheznore, no 
special alternator upgrades* are needed. 

Ring heating elenent 160 nay require a little 
Dore. poweTj since greater anomits of heat transfer must 
be br radiation. Nevertheless, the radiation is ■ 
25 contained within the interior of the perforated tube and 
power consuBvtion .should also be relatively snail to 
^ aeconplish. regeneration by axial propagation. . - ^ . 

, , . ->As indicated, regeneration may also occur* 
efficiently^ by- heating a filter, tube from Its interior 
30. along its entire length., In^snch sit^p^tion, all -the j. 
, radiation from .the heating element .is absorbed by seme 

part of the interior so that there Lb no backscatter 
.. loss. -The. embodiment of FIGORE 7 is exemplary. 

Filter trlie 186 has ._a -central perforated tube 
35 188, preferably made ^frora stainless steel. An li^s^iean , 
.end.member 190 has <b circular groove .for receiving one 
^end of perforated jtube 188. ^ . End menber 190 .includes a 
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flange portion 192 for. contacting plate 90 (see FIGURS 
" 2) . End; member 190 is" ah electrical YnsulatbVantf," 
includes a central opening^ 194 for receiving axialiy 
extiending rod heater 196, and a plurality of inlet'' 
^ openings 198 for receiving'pre-filtered exhaust giaies. 

* ' Downstream end member 200 has a closure portidn 
202 and an electrode portion 204. Closure portion 202 
is made from an electrically insulating mateifial and is 
flat, except for a central opening 206 through which rod 
heater 196 parses and a sleeve portion 208 encircling 
opening 206 and e^nding into electrodi^ portion 204. 
The' outer edge 210 of closure portion 202 is inclined or 
shaped as appropriate to be received by perforated plate 
92 (see FZGQRB 4). Closure* portion 202 also has a ' 
circular groove for receiving the downstream end of 
perforated tube IBB. 

Electrode portion 204 has a threaded electrode 
end 212 and a receiving end i214 for receiving an end of 
rod heater 196. Receiving end 214 includes a cavity 216 
for the end of rod heater 196, with receiving ckvity 216 
having an enlarged entrance portion 218 iCor receiving 
sleeve 208. Closure portion 202 and electrode portion 
204 are fastened together by threading or other 
acceptable fastening nechanisn. Similarly, ' perforated 
tube 188 is fastened 'in the grooves of upstream and 
downstream end members 190 and 200 as appropriate'. 
Fiber yam or mat 220 may be' wound or wrapped about 
perforated tube 188 as adequately described 
hereinbefore . 

It is rioted in passing that a shortened rod 
heater as shown in PIGDRB 23 can also be used for axial ' 
propagation regeneration as opposed to full length 
regeneration.' This will be discussed in nore detail 
hereinafter. ' ' 

Rod heater eXeaants^ ( including "perforated or 
non-perforated tubular heaters) which are intended to be ' 



22 



.^spaced from .the :rfidter material mayj be .obtained' from 
r. Vatican Electric Co., Eesar Falls, Baine 04047..-;:; 

' .'The axially extending :rpd heater is v;. ^ • . 

' particularly advantageous in that, the body .mass.? of 
^ .lightened si^porting perforated tube .188 plus the filter 
- material 1 220 thereon can be reduced compared to- filter 
...tubes which use the supporting perforated tube- as the 

heater or otherwise bury the heater in i the f ilter^ 
~ material. In addition, power consuoqption when' using an 
axially extending rod heater is - reasonable and. 
obtainable from vehicular power without unreasonable 
upgrading of alternator and battery equipment, as 
from the following t . . 
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Set-Op 1 


Set-Uo 2 - 


Set-DD 3 


Volts 


■ 12 


24 


72 • 


Amps 


*" ' 125 


63 


2l" '■ 


Vatts 


1.5 kw 


l.S.kw 


1.5 kw 


Length 


20 in". • 


- • • 20 in. 


'20 in. 


On-Tiw 


' 2-7 min. 


' 2-7 min. 


2-7 min. 



Purthermore, although in some embodiments it may be 
desirable for the rod to bear a structural load, in the 
present case, the durability of rod heater 196 is 
comparatively' enhanced because the heater need not bear 
any structural load. As indicated, 'filter tube filters 
which try' to use a mesh or perforated tube as both the 
structure and tho'heater for ceramic fiber are too 
flimsy. When subjected to evaluated temperatures and 
vehicle vibration, the filter has a tendency to buckle 
or deform and not regenerate effectively. Filter tube 
166 overcomes these problems in that the" perforated tube 
is made of stainless steel and provides a rigid 
structure for the ceramic fiber, while' the rod heater 
provides sufficient beat vithout power system 
nts . 
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Alternatively, 

can also be overeooM hy ualng a plurality of rod haatera 
and ualng thea structurally. Then, a structural * 
perforated tube is not needed and rather a nore flimsy 
wire nesh can be used between end members. With 
reference to FIGURES 8 and 9, filter tube 322 includes 
three rod heaters 224 held in a triangular relationship 
by upstream end member -226 and downstream end member 
228. Hire mesh 230 is wrapped about the three hoatlng 
elements 224 and held in place by tie mombors 232. 
Ceramic fiber yam or mat 234 is wrapped about vir4i nesh 

. 230. • ' ' 

Upstream end member 226 has a flange portion 
336 which serves as a retainer for the ceramic fiber and 
also provides a contact surface against plate' 90 when 
filter tube 222 is inserted into a housing like^.thal: In 
FIGURE 2. Upstream end member 226 is 'm8da"cf -an- 
insulating material:' It includes openings' 238 for * 
receiving heating elements'^ 224 . .It' further 'includes an 

' opening 240 to allow passage of exhaust gases' into the ' 
interior of filter tube 222. ' ..... 

Downstream end member 228 -includes an 

* insulating portion' 242 and a conductive' electrode * 
portion 244. Insulating portion' 242 has openings' 
through which ^heating elements 224 pasa. Insulatinfj 
portion 242 also has an Inclined edge '246 -for fitting 
perforated plate 92; as appropriate.' Electrode portion 
244' has cavities 24B'for receiving the ends of heating 

-elements 224 . • A threaded stud 250 extends 'outwartlly for 
appropriate- connect ion "to 'a power source. ' ''Central ' wires'- 

"^252 at the upstream end of heating elements 224 provides 
the other power contact/ ' - t. . .v 

It Is not necesBary for the" heating elements to 
be rods/ • As shown in FIGURfi 10, heating element 2S4 is 

< formed as a splrisl with a wire mesh ' 256 attached with ' 
coupling ties 256 to the -heating element at 'appropriate 
locations . " It Is understood that -other shapes could 'as 
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well be formed. Filter tube 260 as is usual includes an 
upstream end member 262 and a downstream end member 264. 
Both end members are made of an insulating material. 
Upstream end member 262 has a' central opening 266 'for 
■ passing* exhaust gaaes. ■ Upstream ond'meoiber 262 also 
includes a pair of passages 268 for receiving 
therethrough the ends 270 of the heating element 254. 
> Downntream end member 264 is a solid plate with an 

inclined' edge 272 or other appropriate shape to fit 
'perforated plate 92, if necessary.* Beating element '254 
is retained at dovnstream end member 264 with a retainer 
bracket 274 which is attached with a screw or other ' 
^ fastening ^mechanism to end member 264. Ceramic flBer 
yam ortmat 276 is • wound around wire mesh 256 end 
supported thereon as well as by spiral beating element 
' 254. - ■ . 

As alluded to hereinbefore, a further 'filter 
tube and heating element alternative which is sort of a 
hybrid of the concepts just discussed is shown in FIGURE 
23. Filter tube 187 has a' surface loading filter 
material', configuration and rod-t^^pe heating element 518. 
-'Although the rod has a length' which is significant ' 
relative to the total length of filter tube 187^ it does 
not extend- the' entire length ' and' rather' relies on 
igniting peirticiilates near the one end so -that they*^ may- 
bum by axial propagation to 'regenerate the* entire ' 
filter tube. It is noted>-that surface loading is • 
desli.*able''for axial propagation regeneration. In this > 
way, filter tube '187 realizes 'many of the advantages of 
both H» axial propagation ring-type regeneration 
systems and .the longitudinal igniting full rod^type 
(fjstems';- Although other forms of ceramic fiber filter 
material may also be used, it is noted that the ceramic 
fiber- mat 502 on filter tube 167 is of the non-woven, 
random array type. • 'i*^ 
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As di'dcussed with reepect' to muff ler- filter 
apparatus 30 in I'IGURB 1, a poppet valve 128 is driven 
by a solenoid 130 and controlled by the processing 
device 116. 'The val-ve, at appropriate times, opens and 
.5* closes fluid communication of. exhaust gases- to a given 

iquadrant of_ filter. .tubes .38. ..When . fluid communication _ 

is open, the filter tubes are available for filtering 
particulates from 'the exhaust gases. Hhen fluid 
\ communication is closed, the filter tubes are available 
10 for regeneration.^ Regeneration^ is accomplished when 
heating element 122 heats sufficiently to ignite the 
accumulated particulates . Alternate embodiment' heating 
elements have been hereinbefore discussed. 
" - '. Alternatively, as shown in FIGURE 11, the 
IS waiving and heating functions can be combined. 
Apparatus 278 includes a housing 280 comprising a 
cylindrical wall 282 with opposite end walls 284. An 
inlet pipe 266 extends from one of the end walls and is 
in fluid communication with engine 288 via line 290. An 
20 outlet pipe 292 extenda from the other end wall. 

Upstream and downstream walls 296 and 298 are provided 
to support filter tubes 302. Upstream well 296, which 
is similar 'to end wall 90 discussed hereinbefore, 
functions to provide adequate, provision for the valving 
25 function. End wall 298 is perforated ' to allow easy flow 
of filtered exhaust gases. A plurality of impermeable 
walls 300 extend between upstream' and downstream walls 
296 and 298 and separate the various filter tube's 302. 

Valve assembly' 308 provides both the valving 
30 and regenerative heatljig functions for filter tube 302. 
Valve assembly 308 haa a valve member 310 which includes 
a rod heater portion 312. A non-heating rod portion 314 
extends from the upstream end of -the filter tube 302 
when the valve is closed through end wall 284 so as to 
35 function appropriately with solenoid 316 . A valve head , 
318 extends transversely from rod member 310 in the 
region between the heating and non-heating'' portions 312 
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and 314. Valve head 318, and the upstream. end of filter 
tube 302 seat with one another sufficiently when there 
is closure to ^divert the exhaust gases to other fil-ter 
tubes ajftd allow filter tube 302 to be regenerated/;^ An^ ■ 
op«iing^320 in head 316 provides sufficient leakage of • 

.exhaust.gases„and combustion oxygen not previous l y ^ 

oxidised. , Within or ia conjunction with tfeua housing of 
solenoid 316, valve member 310 further includes qontact 
elements 322 and 323 which, when solenoid 318 causes 
valve head 316 to close against the filter tube end, 
contact el«nents 322 and 323 move against fixed contact 
members 324 and 325 to energlxe rod heating portion 312. 
Fixed contacts 324 and 325 are. connected to processor 
326 via' line 328. 

Solenoid 316 is in electrical conmnnlcation via 
line 334 with processor 326. Control of solenoid 316 to 
accomplish both the valving and heating functions via 
processor 326 can be by a. simple timer which times the 
amount of filtration time for a particular filter tube. 
Also, control mechanisms which axe more complicated such 
as* the differential pressure system disclosed with 
reference to FIGURE 1 could be used. 

Apparatus 278' in FIGURE 23 shows, in more 
detail, a valving and heating assembly similar to that 
of FIGURE 11. Filter tube 187 Includes a perforated 
tube 500 with a non-woven, random array ceramic fiber 
mat 502. Upstream end member 504 is attached to or is 
formed aa a part of perforated tube 500. End member 504 
Includes a flange member extending outwardly to contact 
solid plate 506 which la attached to wall 508 of the 
houaing. A guide member 510 In the form of a spider la 
attached to the inside of perforated tube 500 for the 
purpose of guiding the lower end of valve member 512. 
Val-To member 512 has a valve head 514 which proximately 
separates the valve stem 516 so that a heated portion 
518 is downstream from it and an unheated portion 520 is 
upstream from It. valve head 514 has a beveled edge 522 
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to flt.Mugly with yalv0 saat 524 of. end nenber S04. An 
opoolag 526 extends thrrogh Valve hud '522 to provide 
. leakage of exhaast gases, inclnding saon o:q;gen, daring 
regeneration. 

5 Valve honaing 528 is fastened with bracket 530 
to end 532 of the nuffler^f liter housing. Bousing 528 
is insulated vith insulation 534 froa the hot end 532. 
..A dynamic seal 536 is installed about valve s tea 516 and 
between .end 532 and an Orrlng packing 538. The dynamic 
10 seal provides a sealing for the aoveable valve stem 516 . 
fhe 0*ring, packing 538 provides a' seal for solenoid ' 
taottsing 528. Solenoid 540 is appropriately installed as 
. knovn^by those skilled In the art within honsing 528. A 
support plate 542 is attached to the end of valve, stem 

15 516 .and supports a pair of contact springs 544 . Contact 
springs 544 are in continuity tritb opposite ends of . 
resistance wire 546. Resistance wire 546 is ^coiled so 
as to create substantial heat in the heated, portion 518 
of valve ,sten 516.. In^ the non-heated portion 520, the 

20 resistance^ wire is .not coiled and that portion of the 
.stem remains relatively cool. Fixed contacts 548 are 
located ,near the end of solenoid 540 and face spring^ 
contacts 544.^ The fixed cpntacts are in^elec^ieal 
continuity with the control processor (not shown).', A 

35 spring 550 betveen.support plate 542 and the ,f acing%nd, 
of solenoid .540 keeps the contacts separated when* . f 
.solenoid pipe 540 is de-energised so that valve 512 is 
open. Thu8,^vben solenoid 540 is energised, valve 512 
closes and the heating portion 5 IS heats so that 

30 . .regeneration can occur. Heating portion 518 is 

substantially, shorter than the rod heater 312 in PIGDHB 
11 and so regeneration is intended to occur by axial 
pn^agation ^ discnsssd adequately [hereinbefore. When 
solenoid, 540 is da-energised, spring 550 moves valve 

35 stem 516 to qpen the valve epaee and also "open the, ^ 

circuit between the contacts. 

' * * ■ . ■. 1 " ^ • , 

- - . : i! » 
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, It is noted that assembly -278' provides a 
filter tube and heating element alternative irtiich is 
sort of a liybrid of several concepts previously 
disccssed. Since the assembly has a rod heater bat 
5 depends on axial propagation to regenerate, filter tube 
-187 realises many of the advantages of both the axial 
propagation ring- type .regeneration systems and the 
longitudinal Igniting full rod-type systems. 

Hnffler-filter apparatus 336 as shown in FIGURE 
10 12: shows another alternate embodiment valve assembly 
338. When vnlve osssmbly 338 closes. and opens, it also 
provides a simple mechanical mechanism for closing and 
opening electrical continuity with respect to providing 
power to the heating element of filter .tube 340. 
15 • F. ^ - .^iparatns 336 includes a first housing 342 - 
sinller to first honsing 280 in FIGORS 11 and stnetore 
for eepporting filter tnbes similar to PIGORB 11. 
Processor 346 is -also similar to. processor 326. , 
Although any of r>the various filter tnbes disclosed . 
20 herein ccnld. be -csed with the present embodiment, a .f 
filtor-tobo 340 is shown, to be simUar to filter tube 
144 of 'FIGURE, 6..^ In that regard, as shown in FIGURE 13, 
an upstream I wire end 348 of a mesh heater is bent to 
form a contact surface .350 at the location where it 
25 cnetends out , slot 352 .from upstream end retaining wall 
354 ..^|A springrlike wire 356 is supported fxon upstream 
end wall 360. vWlxe 355 is in^ elcetxieal continuity • 
throng connector 362 .in housing 342 with processor. 346 
...via line 364.. lh» ^wnstxean end of wire nash heater 
30 348 is in electrical continuity with processor 346 . via 
line 366. 

Valve assembly 338 has a valve member 368 with 
valve, head 370. emd valve stem 372.,, The valve is driven 
by solenoid 374 controlled via line 376 by processor 
35 346. Valve head 370 is somewhat, flexible so that aa.it ' 
BBves toward clfHnire of filter tube. 340,. .it not only,., 
clcwes the entrance-. opening, to, filter tube 340, bat also 
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contacts spring-like wire 356 and bends it into contact 
. vith'^the contact 'surface ^350 of wire 348 of l:he wire 
mesh toater Thus, wheii^ valve ' 
, ' 'assembly 338 closes, the wire' mesh heater of 'filter' tube 
5' 340 is also tui^iusd on. When valve assembly i3e opens, 
'spring-like wire '356 springs away from contact with' ' 
contact surface 350 and breaks electrical continuity to 
turn the heating off. 

Sevairal filter tube enbodiaents have been* 
10 discussed wherein filter material is uiised in different 
ways to provide a aechanism for filtering particnla'tes 
frcn exhaust gases of an engiiie, primarily a diesel 
engine. Perforated tubes and wire nesh have been 
indicated as mechanisms for supporting fiber and provide 
15 a predetermined shape relative to the' central axis of 
the filter tube. More substantial structure for 
maintaining the supporting mechanism in 'the ' ' 
predetermined shape hab been indicated, particularly 
with respect to FIGURES 9 and 10. In those embodiments, 
20 the heating elements 'provided the necessary strocture, 
while a wire nesh provided' a st^porting nechanisD for 
the ceramic fiber, a further alternative is shown' in 
FIGURES 25 and 26." Huffier-filter apparatus 552 
includes a housing' 554 cosqprising ah elongated curved 
25 wall 554 with opposite end walls 556 and 558.' An inlet 
tube 560 extends at a central location through wall 556. 
An outlet tube 562 extends at a central location through 
wall 558, Pour filter tube modules 564 are installed 
within housing wall 554 ' in a syimaetrical arrangement 'as 
30 shown in FIGtniE 26. Hodoles 564 are supported at 

<q^site ends by support plates 566 aiid 568. Support 
plate 566 not only holds the filter modules, but also 
supports tlw dcwLStream end of inlet pipe 560^ ' In' this 
regard, inlet pipe 560 has a choke 569 at the outlet end 
35 and perforations between the outlet end and wall '556. 
In that way, exhaust gases are forced from xHb 
perforations anii through the filter nodules, as support 
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plate • 568 ^prevents jfurther, downstream .flow except 
through the filter, modules;.. .^A .relief, valve 57 » 
although not neces aary is. pref erably f dnsta llejd 
centrally in -support plate 568. ^ B«li«f .valve 570 , 
5 includes a, valve head 571 siatched vith .the^seat 573 in 

support plate 568.' . ..^ , ... ..,.» f 

. , Filter nodule 564 can include, a low mass,,„ 
perforated filter tube (not shown), vith, for .example, . 
fiber yarn, woven mat, or random array, . non-woven mat^ 
10 574 vra^ied thereabout.. K»e structural. support for. the 
filter tube is provided by a perforated tubular member 
576 which, closely surrounds, fiber 574. Containing tubes 
581 are generally .cylindrical and extend from, a position 
adjacent to the side wall of inlet pipe .560 to the ^ead 
15 wall 558. Perforated tabular nenber 576 is st^ported 
relative to containing tube 581 fay spider-like bracket 
neaibers 583 near opposite ends of the perforated tubular 
members. An inlet -.nozzle 578 is fastened to each 
containing tube at the inlet end. The inlet nozzle has 
20 a pressure drop purpose not otherwise Is^rtant 'to the 
present invention. A heater (not shown) is installed at 
the inlet ends of modules 564 in accordance with any 
embodiments appropriate of types discussed hereinbefore. 
Ground and power electrodes 580 and 582 are shown. 
25. Perforated support tube (not shown) is closed at the 
downstream end so .that exhaust gases must flow from . 
Inside .ont .through the filter tube. A poppet. valve 
asseinbly 584 is^ installed in each of tlv9 filter tnte 
. nodules at ,the downstresn ends . Poppet valve, assembly 
30 584 includes a seat member 586 spaced from. the 

downstream end of filter module 564.. A valve member. 586 
has a head 590 for movosent. relative to seat member 586 
in the region between seat, member 586 and the downstream 
end of filter tube, module 564. Valve stem 590 extends 
35 through a dynamic seal^ 592 and end wall 558,,into.a 

honsing 594.^ Seal 5^2 is. supported, inside^. end 558 by an 
InsnlatiQn member 596. Insulation .aember^ 59$ .prevents , 
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excessive heat froa passing throagh to housing £94. 
Valve neaber 5B8 is appropriately adapted to fit vithin 
housing 594 to be driven to open and closed positions by 
spring 598 and air pressure from a source not shown. A 
snail opening' S8S is fomed' in the wall of containing 
tube 581 between valve 'seat namber 586 and support plate 
568. vnien valve aeseinbly 584 is closed, the presence of 
opening 585 allows for a slow flow of exhaust gases 
through the module so that the exhaust gases do not 
completely stagnate, but rather provide some oxygen to » 
jnaintain the regeneration conbuation until the <. 
particulates are all burned. ^ - 

In use, exhaust gases flow into inlet 'pipe 560 
and out the perforations t6 the various- filter 'tube 
modules for entrance 'at nossIes'STB.- Bxhaust gaeas flow 

-through all filter nodifles which 'are not* stopped 'at the 
downstreaa ends bf a'* closed valve;- if the valve ie * 
closed, exhanat gases sta'gnatia, except as indicated, 
within the particular filter nodule and nuOte it - ' • 

. available for regeneration by energlBat'ion? 'of the ' 
appropriate heater -element i' Regeneration cc^trdl nay be 
accomplished by timing or 'other control' mechanisms as 
disclosed here'intiefore. Bxhaust gases 'flow^frbm-'inside 
the' filter' tube module' to cmtaide tb» filtering 
mechanism in a* region between the filter material- and 

' the containing- tdbe- 561.' Ate filtered: exhsAtiat ^gases' 
flow through' tKe^ open valve -seat^ 'opening -ahd out" • 
parfooratiohs '600'' in' tubular <iieadier '576 in -the' region ^ 
between valve seat' menbex^586-'' and insnlatiba nenber 596. 
Exhaust gAseS'^itft then friae to 'flow out' exhaust tube 
562. ' 
' ^Huffler-flltWassembly -552 is particularly 

' a'dvanthgaoua in that thib poppet valve" assembly is' 
located 'at :th'^ down^ream or cbolest end of the housing. 

-"Also, ^e filter module 1^ constructed to have a low 
mass' filter and support mechanism by -having 'or - 
surrounding external tubiar' which pro^idee structural 
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Strength. The low mass perforated support tube allows 
for ri^id heating daring regeneration iuid* has little 
effect oh the jpropagatlng combustion. ** The 'asscoBbly also 
provides various sound muffling characteristics. 

Other Valve Bmbdainents ' 

'zn the embodiments described hereinbefore, 

~ various poppet valveis have been used to conticol the flow 
of exhaust gases to or away from filter tubes so that 

' they may either' filter' particulates f xbm^ the exhaust 
gases or be available for regeneration. Exhaust gas 
flow"^ may bo cohtxolleil as well by other valve 
structures'. Huffier-filter apparatus 378 in FI6I1R8 14 
uses a shut tea valve. Bnffler-f liter apparatus 380 in 

' FIGDRB 16 uses a tube' valve. Huffier-filter anparatns 
382 in PiCDRB 18 uses buttwrfly valves in inlet tubes 

" leading' to various housings. 

' -2fuffler>f liter apparatus* 378 of PXCORS 14 is 
similar to apparatus 30 of FI6CIR9. 1' except It^does not 
Kave' the' poppet valves" 12 6.' Rat^r^ apparatus 378 has a 
shutter ^kiW assembly 364 ." Shutter valve assembly 384 
includes a 'rod'' 386 extending t^om attachment to a spider 
388 tJ>'att4chmdnt with' a shutter 390. Spider' 388 
extends ^aAkversely outwardly 'of rod -386 . Spider *386 

'ifl 'attiachea^at Its ' periphery "to 'a 'tube '"392 which' 
indddes a noiisle portion '394.' ' Tibie 392 bas*''an diiter 
dianeter bxily 'slightly 'ius \hazi the inner diaineter of 
cmtlet 'pipe 396.' Ilozile portion 394 is downstream from 
the rest of tube 392. & motor 398 with a gear 400* 
rotates tube 3921 'Hotor 398 is in electrical contiiinity 

VitH processor 402 via line '404. Gear 400 extends 
through ^an 'openlhg in the side of outlet pipe 396 and' 
meshes with a plurality of slots 406 in the nozsle 
portion "of tube 392.' The noszle formation serves to 
aspira!ta air through the openlhg for gear 400 in outlet 
pipe 396 rather than allow the exhaust gases to escape 
fEom the opening. r 
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' With referencfe to FXabRE-lS/ shueter 390 18% 
approximately a' quarter disk platia which is ( irotated 'as 
motor 396 through gear ' 400 turns 'tube 392 ■'and rod "386. 
Vhen the plate covers one of '^iinlngs' 410 .fh i^stveam 
5 plate 411,^ exhaust gajses flow thinugh this bother -''open - 

^openings.and are filtered by th e fi ltiar tubes _in the 

eorrespondiim 'qujitdrants . The filter tubes in the 
quadrant closed to' exhaust gifses by shuttet'390 are 
available for regeneration; Sufficient' exhaust gases 

10 'with oxygen leak* past closed -shutter 390 to sustain ' • 
regenerative coabustion''.'' ' ' 

The embodiments of FI60RBS 11, 12, and 23 show 
poppet valve arrangements wherein* the 'valve memJaers " 
function also to open or close contacts for energising 

15 the heatiar element for a iMucticnlar filter module. 
Sbuttw valve 'assembly 602 shown 'in FIGORB 24 
illustrates that a shutter valve can also be used to 
cooiplete the electrical continuity for energising the 
heater elements. ''One electrode 604 from heater 606 

20 leads to an electrical ground. The other electrode via ' 
line 608 leada 'to a contact €10 in plate 612.*' A spring 
contact' 614 is supported by a bracket '616 from the wall 
618 of the 'assembly. Shutter '620 Includes a contact 622 
which as shutter 620 is rotated into a valve closure 

25 position completes electrical' continuity between 'contact 
610 and spring cootact 614 via coifitact 622.' A similar 
arrangement is provided fob each quadrant and set of 
heating elements therein 1' Spring eisncact 616 la ^in 
continuity' with ^be'- processor {not shown) and the system 

30 is adequately '^T^oiiS^ as ' disclosed hareinbefoxfe or * 
' Icnown to thosW'sb skilled. 

Huff liar-filter' apparatus 380 userf a tube valve 
for directing flow of exhaust gases through varioua 
filter tubes. Apparatus 380 includes a housing 412 * 

35 comprising a ^cylindrical wall 414 with opposite end 
walls' 416* and* ah interior baffle member 418. An inlet* 
pipe 420-ls*'foienad in 'the' end wall at one end bf housing 



412^ -Inlet pipe .420 is in fluid commoni c ation with, 
engJLne .422 via .line 424 to receive exhaust ^gases ' from 
.tbe .engine.. Outlet pipe 426. is formed in the other end 
,wall. ,.An acoustic element in the form of a resonating 
cl)aaber.428 is .formed in, the space between baffle 418 

-ai|d-,the-downatreaffl.ettd. wall 416. , 1 

A second housing 430 is located between baffle 
418 .and the upstream end wall 416. Second housing 430 
has .upstream and downstream end walls 432 and 434 with a 
cylindrical side wall 436 extending therebetween. . An 
axial tube 438 extends between the upstream and 
downstream end walls 432 and 434. Impermeable walls 440 
extend between the end vails and tube 438. and 
cylindrical wall 436. Walls 440 divide second housing 
430 into quadrants or more or less equal spaces to 
separate groups of filter tubes 442 from one another in 
the fashion adequately conveyed hereinbefore. Filter 
tubes 442 in the usual fashion are si^ported at the 
upstream end by. a plate 444 and are closed at the 
downstream, end, and are supported by a perforated plate 

Tube valve assembly 448 directs the flow of 
exhaust gases through second housing 430. Tube valve 
assembly 448 includes a tube 450 which extends from 
inlet pipe 420 to outlet pipe 426. Tube 438 and inlet 
and outlet pipes 420 and 426 have the same Interior 
diameters. Tube 450 has an outer diameter only slightly 
smaller so that it maintains a close fit, but is 
rotatable with respect to tube 438 and the inlet and 
outlet pipes. Tobe 450 has one or more large , openings 
452 upstream of plate .444 and downstream of perforated 
plate 446 for each of three of the .four quadrants. Vlth 
respect to the fourth quadrant, tube 450 has small 
openings 454 upstream of plate 444 and downstream of 
perforated plate 446. , Openings 452 and 454 register 
with similar openings 456 in tube 438 (see FIGORB 17). 
A closure wall 458 separates the upstream and downstream 
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openlags 453 and 454 froa one another. In this way, 
exhanst gases axe directed through the larger openings 
and into second housing 430 for filtration of exhaust 
gases 1^ the' filter tubes in three of the quadrants. 
5 The fourth quadrant is substantially closed to exhaust 
gas flow except for a small amount of ieaJcage through 
(^enings 454 which provide sufficient combustion o^gan 
for regeneration. Hotor 460 rotates' tube 450 as 
controlled by processor 462 via line 464. Fzoceesor 462 
10 controls heating elements 466 via line* 466.' ^ 

Muffler-filter apparatus 382 shows a plurality 
" ' of first housings 470 baviag inlet pipes 472 extending 
froa a 'manifold 474. Bach first housing 470 includes a 
second housing structure 476 . * Second housing structure 
15 '476 has upstream and downstream end walls 484 and 488 
with a 'cylindrical side wall 482 . Bnd wall 484 supports 
filter tubes 486 at the upstream end, while a perforated 
end wall 488 supports the filter tubes at the downs tream 
end'. • ' •• ' 
30 A butterfly valwa 494 is located in each leg of 
nanifolcl^ 47*4 which leads' to a different erne of housings 
470. Butterfly valvas 494 are normally open. Bhen a 
▼alwe I's closed, this filter tubes in the bypassed 
bousing' are available for xeHgeneration. Butterfly' 
25 valves 494 'are controlled by'a processor' (liot shorn) via 
a line 496. ' ' ' . • • - 

An' alternate embodiment muffler- filter ' * 
apparatus' 624 which can also be uaod with an external' 
valve as just described is shown in FI6DRB 27. " ' 
30 Apparatus 624 has inlet tubes 626 directing exhaust 
gases into different 'quadrants of housing 628. The 
exhaust gases in a quadrant flow througn' a perforated 
support plate 630 to a space external of filter tube ' 
module 632. She exhaust gases flow from outside' the 
35 inodttle' to inside' the module and eiat from the downstream 
end 634 of the tnte internal to modttle*632.' The exhaust 
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gases enter a plenum 636 for exhaust through outlet pipe 
638. 

Other system Kmbodinents 
5 The use of fuel additives to reduce particulate 
eoobustion tes^oratnres in diesel engine exhaust traps 
is well-known in the art. Such fuel additives as 
copper, iron, manganese, and cerium have been shown to 
. be effective catalysts for reducing particulate 

10 combustion -temperfiture. In the prior art, they have 
been used with a variety of ceramic traps, such as the 
monolithic style. The problem, however, with prior art 
systems ie that regeneration can begin at exhaust 
tenpexatnxes below, but yet hi^ relative to 

15 tenQexatttres at which tx^ damage failing such as 

cxaeklxig or melting can occur. Since regeneration must 
take place while the engine is running, if exhaust flow 
is reduced (such as at idle) trap teoperatnxes will 
increase since heat is not carried away as rapidly. The 

20 exothexm of the reaction con then reach run-away levels 
so that cracking or melting is to be eucpected. 

The use of filters mads from the various high 
ten^erature filter materials discussed hereinbefore 
alleviates the Indicated incoblem by allowing the hot 

25 portions of the filter to expend freely. Particularly 
for fibrous filter tubes thermal stsessee are not 
generated. Fnrtbnnore, the preferred ceramic fiber 

sold undqr the HBXTBL trademark has higher 
nltlfliata temperature capabilities than coomion trap 

30 ceramics so that melting is amch less likely. The 
result is that fuel additives used in a system irtiich 
filters particulates using filter tubes made from high 
temperature materials, has performance substantially 
enhanced over prior art ceramic systems. In addition, 

35 when fuel additives are used as presently discussed, the 
system is essentially passive in nature, i.e., a control 
system is not necessa^. 
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Dsing a system 'as disclosed, for exaiQ>le, in 
'FZGwB 27,'' and osausiing thai: ira' heat^g^ el'i^nt and 
attendant^ contror system is' present, accofcling to Uki 
present method', an engine Is ^brated wiiih a"* fuel!' ahk' a 
5 particulate ignition temp^atnn'jDedneing' fttel''^diu 

to create exhaust gases which include the additive. The 
exhaust gases are filtered through the ceramic fiber 
filter tubes to capture particulates and the additive 
before passing the gases to ambient. The filter tidiee 

10 are regenerated as additive-laden particulates ' ' ' 
accumulate and are heated to the reduced ignition 
temperature by tlw exhaust gases. The fuel additive is 
preferably selected from a group comprising copper, 
iron, manganese^ and ceriui. As shown in FIGURE 20, the 

15 fuel additive can be ctmbLoaA with tiie fiwl in the 

general fuel supply as indicated by box 640. The fuel 
and additive mixture is directed to the engine 642 as 
indicated via line 644 for burning to create exhaust. 
The exhaust is directed as indicated via line 646 

20 through the filter module 648 to an outlet 650. 

, Alternatively, as shown in FIGORB 21, the 
additive may have its own reservoir or tank on the 
vehicle as indicated by box 653. The additive is pumped 
via pump 64 as indicated 'by 656 through a metering 

2566fralve 658 as indicated by line to the engine 662 as 
indicated by line 664 . The pump' and metering valve are 
controlled by a control unit 666 as 'indicated by lines 
668 and 670. The fuel is directed from a fual tank 672 
as indicated via line 674 to the engine. The engine ^ 

30 bums the fuel and additive to create the exhaust gases 
which are directed as 'indicated by line 676 through 
filter tubes 67B'to the exhaust outlet 680. 

Thus^ the fuel additive 'may be a part of tixe 
general fuel simply at the time fuel is directed into 

35 tanks on' vehicles (FIGORB 20) or the fuel and additives 
may separately b^ held by tanks on veliieles (FIGilRB 21) 
and separately dixectml to an engine. In ai^'case,' the 
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additive. is i a; useful catalyst for ^regeneration of the 
-vehicle filter system- . ,,-1 '.^j.m ^ ,. 
. ^ t As ran alternative .to fiiel. ^additives, texbanst or 
injkake. throttling ^with respect to an ^engine has been , 
5 used to boost exhaust tenperatims and initiate :trap , 
r regeneration. ; This method is. .also known, in the prior 
art. tPypically, the throttle valve is .controlled by a 
microprocessor which monitors exhaust ten^rature and 
modulates the. throttle valve to a position which 

10; maintains temperature at a fixed level, for a fixed time. 
This feedback control technique has been used to 
regenerate various ceramic traps. The present invention 
makes use of the throttling technique in, conjunction 
with filter tubes of. the types disclosed herein.. This 

IS leads to a solution of the problems associated with . 
monolithic ceraoiie prior art filters as discussed above. 
That is, with prior art, litems in a, full flpw . 
arrangement and a- loaded trap, the exothexm can build to 
the point that should the exhaust flow decrease (such as 

20 at idle) the trap could achieve damaging , temperatures to 
the point of thermal cracking .or melting. For fiber, 
filter tubes made from a large quantity of individual 
fibers and not a solid piece of ceramic, .the presence of 
thermal stresses is not possible. The fibers are 

25 allowed, to move with respect to each other so that as 
they heat up and expand,, .no damage to filter efficiency 
ie. possible due to cracking. Simil^ly, filter tubes of 
other hi^ tenqperature materials » as discussed herein, 
axe conparativaly thin-:walled and axe^olso not subject 

30 to the degree of thermal -.stress of prior art manolithlc 
ceramic systems. Furthermore, melting is also much less 
likely as earlier discussed. . . j ^ : 

A throttling system is illustrated in FIGORB 
22 . An engine 682 directs exhaust gases past a throttle 

35 valve 684 to a bousing 686 containing filter tubes. A 
tenqperature probe .688 sends, information, via line 690 to 
a microprocessor 692. Bis throttle valve 684 is then 
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controllod by a feedback loop via line 694 controlling 
valve actuator 696. 

TO conclude, the present Invention haa been 
described In the form of nany onbodlnents . It la 
understood, therefore, that the disclosure Is 
representative and that equivalents aro possible. In 
that regard, then, It 'Is further understood that changes 
made, especially In matters of shape, size; and 
arxangeisent are within the principle of the invention to 
the full 'extent extended by the general meaning of the 
texBis"ln irhlch the appended claims are ezpresaod.' 
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WH^T IS CLAIMED ISi . j . . . ' 

1. Apparatus for processing exhaust gases from an 
engine, said apparatus eoqprlslngt . 

a housing having an Inlet, an outlet, and a 
fluid flov path leading from said Inlet upstream to said 
outlet downstsean; 

a plural!^ of means , within said housing along 
said fluid flow path, for filtering particulates from 
,said exhaust gases, each of said filtering B^ans being a 
module,' each of said modules having an open interior for 
flow of exhaust gases and a wall with filter material; 

means for supporting said modules relative to 
said housing so that each said wall with filter material 
has c^en space thereabout for flov of exhaust gases; , 
' meus with exhaust gases, flowing along said ^ 
.fluid flow path for selectively regenerating at any tine 
at least one and less than all of said plurality of 
filtttrlng means; and 

means '£or controlling' saitl regensorating means . 

2. Apparatus in accordance with claim 1 wherein 
each of isaid filtering means has a longitudinal: axis, and 

. a filWr material volume, solidity sufficlent to^ create 
more surface loading of particulates than depth loading, 
said regenerating means, for each of said filtering 
means including means for igniting the part iculates and 
pnpagatlng combustion., azlally. 

■ 7 ■ » . , f. . ■ V - * 

3. j^paratus In accordance vlth^ claim l^vherein 
each of said filtering means, has a.fUter material 

volume solidity sufficient to create more depth loading 
of particulates than surface loading, said regenerating 
means for each of said filtering ^means Including means 
for igniting said depth loading and combttstlng the 
particulates. 
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4 . ' * ' Apparatus ^in accbrdaiu;e With claim ^ 1- wherein 
each of said filtering means haa a longitudinal length 
and said re'generiiting meaxis '-for each of said filtering 
weaoB includes means spaced from said wall with- filter 
material along substantially the -entire longitudinal 
length for radiating' heat toward said' filte r material to _ 



ignite and eoinbust the particulates. 

5. " ' Apparatus In accordance with' claljm 1 'wherein 
'said regenerating means* Includes an exhaust gas throttle 

valve. • } ^ 

6. A method of using apparatus for processing 
exhaust gases from' an engine, said apparatus including a 
housing having ui Inlet, an outlet, and a fluid flow 
path leading from said inlet i^streui to said outlet 
downstream, said apparatus further including a plurality 
of Bieans along said fluid flow path for filtering 

'particulates from 'said exhaust gases, -each of said 
filtering 'means being a module,* each of said modules 
having an open interior for flow 'of exhaust gases and a 
wall with filter material, said apparatus also including 
means "for supporting said modules relative to said 
housing so that each said wall with filter material has 
open space thereabout for flow of exhaust gases', said 
apparatus having means along said' fluid flow path for 
selectively regenerating at any time at "least one and 
less than all of eald plurality of filtering' means and 
means 'for'cohtrdll'ing said regenerating means, said 
method 'comprising the steps oft ' ^' 

running said engine with a fuel and a . 
particulate ignition temperature reducing fuel additive 
to 'create the exhaust gases to include the* additive; 

filtering sold exhaust gases through -said 
filtering means' to capture particulates and the 'additive 
before passinig sald' gases to ambient; -and ''' 



. ' j regenerating with said regenerating means . said 
filtering means as additive- laden particulates ^ 
accumulate and are' heated to a reduced ignition 
teaperature tj the e^uat gases. . ^ ^f-, . . 

* * 7. Ttie.method.in accordance with clai m 6 iri ter eln 

said engine running step incliides metering fuel for said 
engine and metering a fuel additive selected from a 
group coniprlsing copper, iron, manganese, and eerlnn and 
thff n eondilning and directing Into said engine said 
metered fuel and said metered fuel additive.' , 

8 . The method in accordance with claim 6 wherein 
said engine running step includes prcmilxlng fuel and a 
fuel additive selected from a groiq? co^lslng bopper, 
iron, manganese, and cerium to form a mixture and 
metering said mixture into said engine* 

9. Apparatus for processing. exhaust gases from an 
engine, said apparatus comprising i 

. a housing having a first 'inlet, a first outlet, 
and a first fluid flow' path leading from said first 
inlet upstream to said first outlet downstream; 

an acoustic element within said hotuing along 
said first fluid flow path; 

an assembly having a plurality of second 
inlets, a second outlet, and second fluid flow paths, , 
each of said second fluid flow paths with a flow 
direction leading from one of said second Inlets 
upstream to said outlet downstream, said assembly being 
fastened within said housing so that said^ first fluid 
flow path, passes along a first of said second fluid flow 
paths through said housing; 

a plurality of means, within said assembly 
along said second fluid flow paths, for filtering 
particulates from said exhaust gases; ^ , 
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naans for xaganerating said plurality of aaid 
filtering means^ said zBgeneratlng means selectively 
regenerating at least one of said plurality of filtering 
neans vhlch la bypas^ by said first fluid flow path 
and la along a second of said second flaid flow paths; 

means for controlljjig said regenerating oeana. 

10 . * ~ J^parattts in 'accordance with claln 9 wherein 
each of said filtering Beans has an inlet end and said 
assembly includes an imperneable npstrean end and a 
peraieable downstrean end* said upstream end Inelnding 
openiufTS allowing flow of the exhaus't gases to said 
filtering means Inlet exMls. 

11. Apparatus in accordance with claii& 10 wherein 
said . aBsembly includes is^pezmeable . walls extending 
between said upstream and downstream ends, said walls 

' separating said second flow paths from one another. 

12. . Apparatus in accordance with claim 9 wherein 
each .of said filtering. means has an inlet end and said 
assembly includes a permeable upstream end and an 
ij^permeable downstream end/ said, downstream end 
including openings allowing flow of ■ the, exhaust gases 
passed said filtering, means inlet ends.-^ ■ 

13 . >i t>; Apparatus In accordance with claim 12 vhorein 
said assembly Includes Impeicmeable walls extending 
between said upstream and downstream ends,, said walls 
separating said second flow, paths from one another. 

14 . J^parattts for proisesslag exhaust gases from an 

engine, 'saidi apparatus comprising t i ' 

- a housing hawing an inlet, an outlet, and a 
fluid flow path leading. from said inlet upstream to'l'said 
outlet downstream; •<■ ] j 

*" . " * ' . / j ■ i 
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an acoustic eiaasnt within said housing along 
said fluid, flow path} 

i a* flltff-'' nodule and means for holding said 
DOdals within said housing along said fluid flow path, 
said module Including filter matarlal to filter said 
particulatos and tnt m lnr means for soppoxtlng said 
filter material;: 

an electrical heater having electrodes adapted 
to be energized' to heat said peurtlculates to combustion 
thereby regenerating said filter material, said heater 
having an axis, said heater being spaced from and 
surrounded along^said axis by said filter module} and 
' ' . .'jieans for controlling said heater. 

15 ■ f-. ''v • A^aratua in accordance with claim 14 wherein 
said filter material includes a ceramic f User yam wound 
about said tabular, supporting roans. 

} 16 -i^pa^A^u*. ^ accordance with claim 14 wherein 

said flltyr witarial.lQcludes a woven mat of. fibers. 

17. Apparatus in accordance with claim 14 wherein 
said filter mfttpr?^^ includes a mat formed from a non- 
woven^- random: axray^of fibers. V 

■?Tfcw t ; r -! '.■. . 

18. Apparatus in accordance with claim 16 wherein 
said mat dlneludas a plurality. p£ layers. having a 
plurall^ of volume solidity values... r ^ : 

•. :jf t ■• •• '..r.- > 

19. j^paratus in accordance with claim 17 wherein 
said mat includes a plurality of laysrs having a 
plurality of volume solidity values. 

20. Apparatus in accordance with claim 14 irtterein 
said filter material has apposite ends relative to said 
axis, said heater being in the form oC a ring near one 
of said ends. 
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21. i^parattts in : accordance with claim;^4 wherein 
said, filter material has opposite ends .relative to said 
axis, said heater being .in the form of a rod extending 
from near one of said ends toward' the 'other. 

22. Ac^aratus in accordance wltH, claim 21 lAerein 
said rod is in the form of a helix. 

23. Apparatus in accordance with claim 21 wherein 
said rod is in the form of a perforated tube. 

24. Apparatus in accordance with claim 21 wherein 
said supporting means includes said rod. 

25. Apparatus in accordance with claim 24 wherein 
said supporting means' includes a mesh snrxounding said 
rod along said axis. - 

26. Apparatus in accordance with clala 35 wherein 
said rod is in the form of a helix. 

27. Apparatus in accordance with claim 14 wherein 
said filter material has opposite ends relative to said 
axla, aaid heater being in the form oft a wire; mesh 
extending between said ends. 

28. i^pparatus in' accordance with claim 14 wherein 
said supporting means includes a perforated tube 
surrounding said filter material. 

29. Apparatus for processing exhaust gases from on 
cmgine, said apparatus comprising t 

an enclosure having inlet meDua and outlet 
means for passing the exhaust gases; 

means'' lift the enclosure for segmenting flow of 
said exhaust gases into a plurality of fluid flow paths. 
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said segmenting means including a valve which variously 
directs the flow among tba paths; 

means, fori fllterijig' said orhanst gases flowing 
along eaehtof'said.^paths, eaiBh.of said filtering means 
beiiM? a modtnle^ each of said iiKxUJ.es having an open 
interlOT for llov of exhaust gases and; a ^rall with 
filter materlali' '-.^^ 

means, for supporting said modules relative to ■ 
said housing so that each, said wall with filter;- material 
has open space thereabout for flow of ieidiaust gases; 

\ means for heating said filtering means in /one 
of sold fluid flow paths to cause particulates 
accmnulated thereon' to combust thereby regenerating said 
filtering means in said one path; and 

means for controlling said valve and said 
heating means. i , 

30. A^wratns in accordance with claim 29 wherein 

said enclosure Includes a plurall^ of canisters, each 
of said canisters having an inlet tube leading from 

L manifold i 



31. Apparatus in accordance with .claim 29 wherein 
sold valve Is tubular with first means for flow 
restriction upstream from said filtering means and 
eecond means for flow restriction downstream from said 
filtering means. 

32. - ; Apparatus in accordance- with claim 29 wherein 
said segmenting means Includes an assembly 'with a 
plurality of f^enings, each of ^said . openings '.leading' to 
one of said flow path's,'' said valve including a shutter 
and means for directing said shutter to varlcusly close 
one of said openings. ^' 

33. A^taratus in accordance, with 'claim 32 wherein 
said controlling means includes ' a first electrical 
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eontftct on said shutter and a second electrical contact 
on said assenbly whereby said shutter- variously opens 
and closes electrical continuity between said first and 
second contacts as said shutter opens, and closes said 
openings thereby energising said beater when eaid . * 
shatter closes one of said openings and likewise closes 
continuity between said first and second contacts. .. 

34. - Apparatus'- in accordanca with claim 29 whorein 
said valve includes a member which ia movable botweon 
closed and open poaltions/ said meobsr Including' 
electrical ' contacts which make and break elestricsl 
continuity energising said heating onens, respectively. 

35. ' i^perattts 'in accordance with claio: 34 wherein 
said neaiber 'includes a heating element extending into 
the open interior of 'one of said nodules. - ^-a* j 

36. ' i^paratos in accordance with clals 39 including . 
means- in said anelosnre for bypassing s&'id- f Utexiiig ' 



37. Apparatus in accordance with slaim 36' wherein 

said bypassing means includes a pressure relief valve 
between eaid inlet means and said outlet means. 

\ i- • - v. r .f. , . -.1 

3B . Apparatus in accordance With claim 29 -whereini 
said supporting nsana inoludes a tube, one of said-* - i 
filtering means modules fitting within said tube. 
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